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ABSTRACT

Image processing and pattern recognition
techniques are useful in radiolcgy to aid in
the decision making process invelving dis-~
ease patterns in radiographs. The long range
goal of this study is to develop a completely
automated computer controlled cprical system
for early detecticn and classification of
prepulmonary edema. This is achieved from
chest x-rays by observing and rmeasuring cer-
tain patterns of lung vascularity which en-
able us to characterize the presence and
severity of the disease. The lung vascular-
ity patterns were extracted using the
Fraunhofer diffraction pattern sampling uni%
which samples the Fourier transform and ob-
tain the spatial frequency measurements. A
laser is used to illuwninate certaln zones of
the lung, and by passing the image through a
thin convex lens the diffraction pattern is
produced. This pattern impinges on a sensor
composed of 32 annular rings and 32 angular
wedges whicn sample the squared modulus of
the diffraction pattern and produces the an-
nular ring and wedge regions of the transform
space. It has been shown that with an in-
crease in pulnonary venous pressure there
is a redistribution of blood flcw in the
lungs. This redigtribution will affect the
number of vessels in the upper zcne as com=-
pared to the nunber of vessels in the lower
zZones of the lung ancé thus change the ring
and wedge signatvres. Measurements of che
ring and wedge sigratures have been made on
a number of chest radiographs which had been
classified by the Turner method as to the
presence and extent of pulmenary edena.
measurements were used to train a linear clas-
sifier program, i.e. to calculate ccefficients
which allow the program to automatically clas-
81fy new cases. Preliminary resulits indicate
4 classification accuracy on the training data
of 90%.
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INTRODUCTION

Pulmonary edema is a pathological state
in which there is abnormal extravascular
storage of fluid in the lung. In the normal
lung, fluid which enters the extravascular
s.ace is réemoved by lymphatic and capillary
drainage. Fluid accunulates within the lung
when hydrostatic pressure in the pulmonary
capillaries beccnes greater than the plasma
oncotic pres-iure; the capacity for the lym-
phatic drainag? is exceeded; or the perme-
abllity of pulmonary capillaries is increased.

Cardiogenic pulmcnarv edema is the major
form of pulmonary edema and resuits from an
elevation of the pulmonary venous pressures
in excess of the plasma oncotic pressure,
and as a result, £fluid leaves the vascular
compartment and escapes to the extravascular
lung spaces. With the methods presently
avallable, pulmonary edema can only te de-
tected late in its course clinically, making
promot therapy of the cdeveloping ccndition
impossible, and contributing to its morbidity
and mortality.

It has been shown experimentally that as
the pulmonary venous pressures rise, there
is redistributicn ¢f bloed flow within cthe
lungs due to perivascular edema/l/. Friecman
and Braunwald/2/ have shcwn by radicisotore
studies that the magnitude of the shift of
flow, from the lower to upper lung zones, has
a linear relationship to the mean left atrial
(pulmonary venous) pressure.

Turner et al/3/ classified the magnituda
of shift frcm the lower to the upper lung
zones utilizing the routine chest radiograph.
It was noted that in the normal upright Zfull-
inspiration chest radingraph, flow is di-
rected to the lcwer lung zones by gravity.
As a result the size and number of vessels
per unit area in the lower lung zone is .
greater than the size and number of vessels
in the upper zones in the vpright position.
Notmal pulmonary vessels show an orderly
tapering and branching toward the periphery,
where they become invisible in the sub-
pleural regions of the lung. When pulmonary
venous pressures rise there is a redistribu-
tion of pulnonary blood flow. This was
graded from l+ to 4+ by Turner et al/3/.
l+ redistributicn: is present when there is
equal perfusion of the uppar and lower lung
zones, and the increase in perfusion of up-
per ccres 1s due to shifting of tlood from the lower
zones,

‘2% redistrituticn: is present when there is
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greater perfusion irn the upper than the lower
lung zones. This represents an inversion
of the normal : :lmonary blood flow pattern.
3+ redistribution: is present when 2+ re-
distribution 1s accompanied by chanqges of
interstitial edema. Intarstitial edema 1s
manifest by one or more of the following:
perihiliar indistinctness, perivascular in-
distinctness peribronchial indistinctness,
subpleural edema, septal lines (Kerley B),
over-all haziness of lower lung zones
(Kerley C) and outward shift of lower lobe
vessels. 4+ redistribution: is represented
by alve<lar ecema.

Pulmdnary venous pressures ware assigned
by Turner et al/)/ to five stages of vascu-
lar redistribution and are summarized in the
following table.

Redistribution Msan Pulmonary
Pattern Venous Pressure
Normal 5 = 10 mm Hg

1+ 10 - 15 mm Hg
) 2+ 15 - 25 mm Hg

3+ 25 - 35 mm Hg

4+ greater than

35 mm Hg

Chest radiographs of patients with nor-
mal and elevated pulmonary venous pressures
have been graded according to the Turner
criteria, and these were cor.elated with car-
diac catheterization data.

If pulmonary vascular redistrirution
can be measured and utilized to grade the
level of pulmonary ver ) us pressure, then an
autonmated technique could be used to screen
large numbers of films. Early detection of
elevations in pulmonary venous pressure
could allow the institution of early treat-
ment with the prevention of pulmonary edema.
This early treatment should reduce both the
morbidity and mortility.

Automated measurements would be consis-
tent in time and as such there would be intra
or inter-reader variation, and patients
could be followed '\nnder treatment to assess
efficiency of a treatment regimen.

EXPERIMENTAL APPROACH

Instead of trying to diagnose cases on
the basis of direct measurements of the zhest
radiographs, we have chosen to look at the
Fourier transform of two zones in the right
lung, one in the upper half of the lung and
one in the lower half. Here the Fourier
transform F {s a two~dimensional transforma-
tion on the spatial coordinates

7(ayx,1y) = J"[ £(x',y")exp(=271 1 (x"x+ty'y))
) dx'dy"’
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whera f(x',y') is the ampli{tude trarsmit-
tance function of the chest radiograch,

{ =/ -1, and 1 1is a constant which depeids
upon system parameters. The reason for look-
ing at Fourier transform data is that the
differences we are trying to detect are of a
global rather than a localized nature. Each
point in the Fourier transform space contains
informatlion about the spatial frequency con-
tent of the entire image. Thus measurements
made in Fourier space are global measurements
which should be related to the global changes
we wish to detect. Cardiogenic pulmonary
edema manifests itself “hrough the acpearance
of increased vascularity in the upper lung
field. This increased vascularity should te
reflected in a shift of the energy distribu-
tion in the Fourier transfcrm plane, e.g. a
relative increase in the high spatial fre-~
quency content.

Since the main characteristic of pulmo-
nary edema that we wish to detect is a re-
distribution of vascularity, a shift from the
lower lung to the upper lung, measurements
are made of the Fourier transforms fcr two
zones: one in the upper half of the right
lung and one in the jower half. Figure |l

shows the two zones of the lung field which
ware used for measurements.

Figure 1. Measurement zones in the chest
radiograph. Circle A - upper lung zone.
Circle B - lower lung zone.
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MEASUREMENT 7YTTRM

It has long been known: that a two-~
dimensional Fourter transinmm can be per-
formed by a relatively s.i'Dic oprical system
/4/ such as the one in Figure 2.

|

o
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Figure 2. Optical Fourier rransformation

systemn.

The optical approach to Fourier transforma-
tion is advantagecus because of its relative-
ly low cost and :ts extremely high speed. AN
inexpensive lens can be used =0 zericrm a wwe-
dimensicnal Fourliar zransfcorm on a larcge array
(e.g. 106 alemernts) in a nancseconcd. This
speed is totally unapproachapie with a dici-
tal ccmputer. In zhis exper.ment each 3£ the
two zones in the lung contdined over 107 pic-
ture clements. Thes{ =70 2zones were i1ndivid-
vally Foursoer transiurmed and the zransforms
were sampled with a od element detector
manufactured by Pecogniiion 3ystems, Inc. The
arrangenent 9f the detector elements is shown
in Figure 3.

Figure J. RSI detector configuration.
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This confiquraticn was especially designed
for sarpling Pourier transforms. Thera are
32 annular sezr-ents which provide informaticn
about the spat:al frequency ccntent of =i
image, indepencent of orientaticn. These are
corplemented by 32 wedge-shaped elements
which provide infcrmation on the angular dis-
tribution of energy, incependent of spat:ial
frequency distribut.on. The utility of this
detector reatns Ln cart upon the assumption
that the diffraction pattern is racdially sym-
metric. This wili pe true i1f the chest ra-
diograph is free cf any var:aticns which
would affect the phase of the ccherent 1llu-
mination in the cptical fourier transiorm
system. This condiz:on 1S nOt Strictly sat-
iafied. 1In particular such cthings as Zirnger-
prints and scratches :n the film give to
phase variaticns which add a certa.n amcunt

of noise to the measurements. The exten: and
severity of this noise is currently under
study.
DATA ANALYSIS

The measuremenc system produces 64 mea-
sured values or faatures for each oI the wwe
lung zones. These Teasurements are cScollected

for a series »f chest radiographs for whizh
data is also avai.able on the patient's pul-
mcnary vencus Pressure. The measurements

are then used to ":rain” a corbuter ciassi-
f£:caticn proqram.  That is, the ccrputer is
given the Teas:urements £or each :cnest radio-
graph along with the itncwn pulmonary adema
classificatior. The ccrputer algorithn takes
this data and dces t.c things. TFTirst is a
feature exzraction: Ircm all the measurements
on a given lung zone {(e.3. 64) the algori.sinm
cnocses a set number of features wnich show
the best differentiation between normal and
abnormal cases. Seccndly, the algorizhm lacks
for a set of coefficients for cthe chosen fea-
tures which prcvide cotinum separation of the
normals from the akbnormals.

Two different classification algorithns
were uscd. The first program was BMDO7M
which was develcped at UCLA at The Heal:zh
Sciences Ccmputinc Faciliwy. This pregram
classifies the data ysing A lineadr c<ombina-
tion of the measurements. A guadratic clas-
sifier has alsc been tried. This second
classification aljor:thm was written by Or.

W. B. Thompson of the University of Minnescca.

A more complate description of the mea-
surement systen and the classificaticn ap-
proach can be found in a paper by Kruger,
et.al./S/.

RESULTS

Initial work has concentrated on sepa-
rating two classas: normala and those classi-
fied as 2+ according to the Turner classifi-
cation scheme. Detection of pulmonery edema
at the 2+ stage w»:ld allow treatrent which
should significantly reduce morbidity and
mortality.
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Figure 4 shows examples or the routine chest
radiographs for 1 normal (4A) casc and a 2+
redistribution .48;.
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Figure 4. (A) Chest radiograph - normal
vascularity. (B) Chest radio-

graph 2« vascular redistribution.

Although it is not readily appareant to the
untrained eye, the 2+ case shows a relatively

Timothy C. Strand, Ph.D.
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larjger nurber of vessela in the upper lung
fieid than 1n the rormal case. This redis-
tribution 13 mcre readi.y arparent :n the
angiograms shcwn in Ficure I, Angicgrams
obviously afford a ready mcans of classifica-
tion but the! repra2sent an invasive tecanlyue
which should be avcided.
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Figure S. (A) Pulmonary angiogram (arterial
phase) normal vascularity.

(B) Pulmonary angicgram (arterial
phase) 2+ redistribution of vascu-

aarity.
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Flgure 5. (C) Pulmonary anglogram (venous
phase) normal vascularsity.
(D) Pulmonary argicgram (venous

phaso) 2+ redistribution.

A set of chest radicgraphs were selected
from the files of the lLos Angelas County-
University of Socuthern California Medical
Center. cCardiac cathaeterizaticn resulcs
were available on all selected cases.

Thae data base of selected cases was com-
posed as follows

Timothy C. Strand, Ph.D,
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Classificati~n No. of cases
Normals 59
1+ 2
2+ 75
3+ 87
4« 2

For the prelirinary work only zhe nor-
mals and 2+ cases were used. These were
further screered to elinminate rarkedly spe-
cial cases. Training was thus done using 39
nornals and 52 2+ redistributions. The 3M%
program was used to zrain on this data base
in threz different wavs: 1) bv comparing up-
per zones of normals to ugper 2+ zones;

2) by comparing ncrmal lcwer scones to 2+ lcwer
zones; 3! by taking the ratios of upper 22ne
measurements 0 .ower zone measurements ans
comparing these £<r acrmal and 2+ redistri-
bution. In sach case, 10 of the 64 measure-
ments were selected for use in classification.
After the training procedure each of the

three compariscns Senerated a set of a pos-
teriorl probabilities for each patient. These
indicate the probability of a ziven 2atient
being either normal or 2+ redistrihbution.

By averaging the a posteriori prchekbil:tles
from each of the three compariscns, a clas-
sification acsuracy 2f 90% was obtained for
the training data set. The classification
matrix was as follows:

True Class

Normal 2+
Assigned Normal 54 7
Class 2+ 5 45

No attempt at this time has been made 0
minimize the nurvber oI false negatives, i.e.
cases which were aczually 2+ bu:s classified
a3 normal., Somre tests were made with the
quadratic classifier which jenerally gave
one to two percent itprovemert in classifi-
cation over the 3MD rcutine.

It should ba reiterated that these are
training results ancd that jacknife testing
procedures are being develoged now to vali-
date tie results.

CONCLUSTONS

An actempt has been made to detect pre-
pulmonary edema by doing classificaticn on
the spatial frequency distribution of ches:
radiographs. Initial training results showed
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a 900 clussification accuracy which indicates

the viabllity of this approach to doing au-
tomatic detection of pre-pulmonary edema
(elevation of pulmonary venous pressure).
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